Introduction
============

Ovarian cancer is the leading cause of cancer-related death in woman worldwide, with the highest mortality rate of all gynecologic tumors [@B1]-[@B3]. Because the early stage of the disease is usually asymptomatic, two-thirds of patients with epithelial ovarian cancer (EOC) present at an advanced stage. Despite the recent advances in surgical techniques and chemotherapy modalities, the prognosis of EOC has not been improved [@B2],[@B3]. The standard treatment for advanced EOC is optimal cytoreductive surgery followed by platinum-based chemotherapy. Although tumors usually show response to taxane plus platinum-based chemotherapy after surgical debulking, most patients with advanced stage eventually develop recurrent diseases and die of the cancer, with five-year survival rate lingering around 30% [@B4].

New molecular agents targeting vascular epithelial growth factor receptor (VEGFR) or poly ADP-ribose polymerase (PARP) have been introduced for the treatment of advanced EOC [@B5]-[@B7]. However, most tumors eventually develop resistance and their survival benefits are still disappointing. Therefore, there is a great need to identify novel therapeutic targets and develop more effective targeted drugs for patients with advanced EOC. Recently the MET axis has been proposed as a potential therapeutic target in various tumors, including EOC [@B8]-[@B10].

c-Met is the tyrosine kinase receptor for hepatocyte growth factor (HGF) and encoded by the protooncogene MET located at 7p31 locus of chromosome 7. The c-Met/HGF signaling pathway regulates multiple cellular functions, including differentiation, proliferation, angiogenesis, migration, and metastasis [@B11]-[@B14]. The aberrant activation of the c-Met/HGF pathway can be induced by various mechanisms, including MET mutation or amplification, c-Met transcriptional upregulation, and increased HGF secretion by the tumor microenvironment [@B9],[@B15],[@B16]. Recent data have shown that the c-Met/HGF pathway is abnormally regulated in a wide range of human cancers [@B15],[@B16]. The enhanced expression of c-Met protein has been detected in many types of tumor such as breast cancer [@B17], non-small-cell lung cancer (NSCLC) [@B18], gastric cancer [@B19], head and neck cancer [@B20], cervix cancer [@B21], pancreatic cancer [@B22], hepatocellular carcinoma (HCC) [@B23], and renal cell carcinoma (RCC) [@B24]. The c-Met overexpression has been associated with poor prognosis as well as aggressive pathologic features in these tumors [@B17]-[@B24].

c-Met has also been overexpressed in a subset of EOC [@B25]-[@B34], but there have been conflicting data on the clinicopathological significance of high c-Met expression in patients with EOC. In several studies with a small number of EOC patients, c-Met overexpression has correlated with poor pathologic features or worse prognosis [@B28]-[@B32]. However, the pathological or prognostic impacts of high c-Met expression were not significant in other studies [@B30],[@B32]-[@B34]. Therefore, we conducted this meta-analysis to gain a better insight into the pathologic and prognostic impacts of c-Met overexpression in patients with EOC. To our knowledge, this is the first meta-analysis to evaluate the clinicopathological significance of c-Met expression in EOC.

Methods
=======

Publication searching strategy
------------------------------

This meta-analysis was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [@B35]. A systematic computerized search of the electronic databases PubMed, PMC, EMBASE, and Google scholar (up to April 2018) was carried out. The following search terms were used to identify relevant publications: "c-Met" or "Met" or "hepatocyte growth factor receptor", and "ovarian cancer." The related articles function in the PubMed was also used to find all relevant articles. The computerized search was supplemented with a manual search of the primary articles cited in the retrieved review articles. The titles and abstracts of the retrieved studies were initially scanned to exclude irrelevant papers. Then, the potentially relevant articles were reviewed in full text, further excluding those that did not meet the inclusion criteria of this meta-analysis.

Inclusion criteria
------------------

Eligible studies should meet the following inclusion criteria: (i) patients had a pathological diagnosis of epithelial ovarian cancer; (ii) pathological features \[the International Federation of Gynecology and Obstetrics (FIGO) stage and/or lymph node (LN) metastasis\] or overall survival (OS) were analyzed according to c-Met expression status; (iii) odds ratio (OR) with 95% confidence interval (CI) for pathological features or (hazard ratio) HR with 95% CI for OS were provided or could be estimated from the data provided; (iv) articles were published in English.

Data extraction
---------------

The required data were collected independently by two investigators (BJK and SHP). If these two authors did not agree, the other investigator (JHK) was consulted to resolve the discrepancies.

The following data were recorded from all eligible studies: the first author\'s name; publication year; country; number of patients; treatment; histology; FIGO stage; LN status; methods to test c-Met expression, antibody for immunohistochemistry (IHC); cutoff values adopted to define c-Met overexpression; HR with 95% CI for OS and OR with 95% CI for pathological features.

Statistical analyses
--------------------

Statistical values used in the meta-analysis were directly obtained from the original articles or were indirectly calculated from the given data. If OR or HR with 95% CI were not reported directly, the Engauge Digitizer software was used to estimate the needed data from the results and Kaplan-Meier curves. The strength of the association between c-Met overexpression and pathological features (FIGO stage and LN metastasis) was shown as ORs and their 95% CIs. The effect size of OS was pooled through HR and 95% CI. The RevMan version 5.3 was used to combine data and report outcomes. The heterogeneity across studies was tested by using the chi-square-based Cochran\'s Q statistic and the *I*^2^ inconsistency test. The fixed-effects model (Mantel-Haenszel method) was selected for pooling homogeneous outcomes when p ≥ 0.1 or *I^2^ ≤* 50%, whereas the random-effects model (DerSimonian-Laird method) was applied for pooling heterogeneous outcomes when p \<  0.1 or *I^2^*\> 50%. All reported *P-*values were two-sided, with p \< 0.05 defined as statistically significant.

The possibility of publication bias was assessed with a visual inspection of the funnel plot [@B36]. The statistical methods for detecting funnel plot asymmetry were the rank correlation tests of Begg and Mazumdar and the Egger\'s regression asymmetry test [@B36],[@B37].

Results
=======

Results of search
-----------------

Figure [1](#F1){ref-type="fig"} shows flow diagram of search process. A total of 117 relevant studies were initially retrieved, but 107 of them were excluded after screening the titles and abstracts. Of the remaining 10 potentially eligible studies, three were further excluded by the inclusion criteria: they had no data for comparison of pathological features or survival [@B25]-[@B27]. Finally, seven studies were included in the meta-analysis [@B28]-[@B34].

Characteristics of the included studies
---------------------------------------

Table [1](#T1){ref-type="table"} summarizes the main characteristics and clinicopathological findings of the seven included studies. All the studies were performed retrospectively. From the seven studies, 568 patients were included in the meta-analysis. All patients underwent cytoreductive surgery and most of them received adjuvant platinum-based chemotherapy. Two studies had patients only with clear cell carcinoma [@B30],[@B32].

c-Met expression assignation
----------------------------

All seven studies used IHC to assess c-Met expression status. The criteria for c-Met overexpression were briefly summarized in Table [1](#T1){ref-type="table"}. There was a significant heterogeneity among the criteria used to dichotomize c-Met status (low or high) in the six studies [@B28]-[@B30],[@B32]-[@B34]. The remaining one study did not describe the cutoff value for c-Met overexpression [@B31]. The rates of high c-Met expression varied from 10.9% [@B29] to 76.6% [@B31].

Impact of high c-Met expression on pathological features
--------------------------------------------------------

From four studies [@B30]-[@B33], 329 patients were included in the meta-analysis of ORs with 95% CIs for FIGO stage. The result showed a significant heterogeneity among studies (*X*^2^ = 7.89, p = 0.05, *I^2^*= 62%) and the random-effects model was used. Compared with EOCs with low expression, tumors with c-Met overexpression showed higher FIGO stage (III-IV) with no statistical significance (OR = 2.18, 95% CI: 0.86-5.53, p = 0.10) (Figure [2](#F2){ref-type="fig"}A).

Four studies including 264 patients were analyzed for the effect of c-Met overexpression on the LN metastasis [@B28],[@B30]-[@B32]. The random-effects model was also selected because there was a significant heterogeneity across the studies (*X*^2^ = 7.96, p = 0.05, *I^2^*= 62%). Compared with tumors showing low c-Met expression, EOCs with high c-Met expression tended to show higher rate of LN metastasis (OR = 3.05, 95% CI: 0.85-10.98, p = 0.09) (Figure [2](#F2){ref-type="fig"}B).

Impact of high c-Met expression on overall survival
---------------------------------------------------

From six studies [@B28]-[@B30],[@B32]-[@B34], 521 patients were included in the meta-analysis of HRs with 95% CIs for OS. Patients with c-Met-high EOC showed significantly worse OS than those with c-Met-low tumor (HR = 2.11, 95% CI: 1.51-2.94, p \< 0.0001) (Figure [3](#F3){ref-type="fig"}). The fixed-effect model was selected because there was no significant heterogeneity across the studies (*X*^2^ = 4.88, p = 0.43, *I^2^*= 0%).

Publication bias
----------------

Begg\'s funnel plots and Egger\'s test showed no significant evidence of substantial publication biases for FIGO stage (Begg\'s p = 0.145, Egger\'s p = 0.141), LN metastasis (Begg\'s p = 0.154, Egger\'s p = 0.102), and OS (Begg\'s p = 0.174, Egger\'s p = 0.306) (Figure [4](#F4){ref-type="fig"}A-[4](#F4){ref-type="fig"}C).

Discussion
==========

In this meta-analysis, we evaluated the pathologic and prognostic impacts of c-Met overexpression in patients with EOC. The results failed to show a statistically significant correlation between c-Met status and major pathologic features (FIGO stage and LN metastasis). However, high c-Met expression was significantly associated with a poor prognosis.

The role of MET activation in the carcinogenesis and progression has been well established in many tumor types [@B15],[@B16]. Mechanisms of MET activation include nucleotide variations, mutations, amplification, and overexpression of both c-Met and HGF protein [@B9],[@B15],[@B16],[@B38]. MET amplification has been detected in up to 3.5% of EOCs [@B30],[@B38] and nucleotide variations in 7.4% [@B38]. c-Met overexpression is the most frequently observed alteration in EOCs, presenting in up to 77% [@B31],[@B32]. Studies in patients with EOCs reported that high c-Met expression correlated with clinicopathological parameters indicative of poor prognosis, such as histologic grade [@B28],[@B31], LN metastasis [@B28], [@B31], FIGO stage [@B30],[@B31], and shorter OS [@B28]-[@B30],[@B32]. However, the pathological or clinical impacts of c-Met expression were not consistent across the studies [@B30],[@B32]-[@B34]. For example, Battista *et al*. evaluated c-Met status in a cohort of consecutive patients (n=106) with EOC and failed to find significant prognostic impacts of c-Met overexpression in regard to histologic grade, FIGO stage, and OS [@B33]. These contrary results may stem from a small number of patients in each study and histological heterogeneity of EOCs. In addition, most studies used different IHC criteria for c-Met overexpression. Multiple methods, such as IHC, Western blot, fluorescence in situ hybridization, and reverse transcription-polymerase chain reaction are currently used to assess c-Met status. While IHC is a readily available and easily adoptable assay method, there are wide differences in the IHC criteria for c-Met status. The discrepancies in the clinicopathological impacts of c-Met among studies might be due to the different IHC criteria for c-Met overexpression [@B28]-[@B34].

In the current meta-analysis, we included studies comparing two major pathological features (FIGO stage and LN metastasis) and cancer-specific survival outcome according to the c-Met expression status. Although there was no statistical significance in the meta-analysis with a small number of studies, EOCs with c-Met overexpression tended to show higher FIGO stage (III-IV) (OR = 2.18, p = 0.10) and higher rate of LN metastasis (OR = 3.05, p = 0.09), compared to tumors with low c-Met expression. In terms of prognosis, patients with c-Met-high EOC showed significantly worse OS than those with c-Met-low tumor (HR = 2.11, p \< 0.0001). Our findings indicate that high c-Met expression represent an adverse prognostic marker for patients with EOC. Some studies reported that c-Met overexpression in EOCs was predominantly associated with type I (low-grade serous, emdometroid, clear cell, and mucinous) tumor, compared with type II (high-grade serous) tumor [@B29],[@B30],[@B33]. These results may due to the fact that c-Met has cross-talks with several pathways such as PI3K/Akt, BRAF, and RAS-MAPK that is known to impact the development of type I EOC [@B39]-[@B43]. Gene expression profiling studies found that type I tumors were associated with mutations in KRAS, BRAF, and PTEN, whereas type II tumors correlated strongly with TP53 mutations [@B39]. In this meta-analysis with a small number studies included, however, we could not perform subgroup-analysis according to the histological subtypes of EOC.

Several meta-analyses have also demonstrated that high c-Met expression is an adverse prognostic marker in other tumor types [@B17]-[@B24]. Because of its ubiquitous role in cancer, the inhibition of c-Met/HGF pathway may provide an effective therapeutic strategy for cancers showing MET activation [@B9],[@B10],[@B44]. Based on the scientific rationale to target c-Met protein, several MET pathway inhibitors have been investigated for a variety of cancers, including RCC, HCC, and NSCLC [@B8],[@B34],[@B45]-[@B48]. Cabozantinib is an oral inhibitor of tyrosine kinases including MET and VEGFR-2. In a randomized phase 3 trial of patients with advanced RCC who progressed after previous VEGFR tyrosine-kinase inhibitor treatment, cabozantinib significantly prolonged OS (median 21.4 vs. 16.5 months, HR= 0.66, p = 0.00026) and progression-free survival (median 7.4 vs. 3.9 months, HR = 0.51, p \< 0.0001), compared with everolimus, mTOR inhibitor [@B47]. Tivantinib, an oral selective c-Met receptor tyrosine kinase inhibitor, showed promising outcomes as a second-line therapy in a randomized phase II trial of patients with advanced HCC [@B45]. In the post hoc analysis of the c-Met-high subgroup, patients treated with tivantinib showed significantly longer time-to-progression (median 2.7 vs. 1.4 months, HR = 0.43, p = 0.03) and OS (median 7.2 vs. 3.8 months, HR = 0.38, p = 0.01), compared with those with placebo. In addition, in a recent randomized phase III trial of patients with advanced NSCLC, the survival benefits of tivatinib in combination with erlotinib was also significantly associated with c-Met overexpression [@B48]. Therefore, patients with tumor showing c-Met overexpression might be good candidates for treatment with a MET inhibitor.

MET inhibitors are also under active investigation for patients with advanced EOC [@B49]-[@B51]. Tang *et al.* found that c-Met overexpression enhanced the survival of cancer cells and increased resistance to chemotherapeutic agents (cisplatin and paclitaxel) [@B49]. Also inhibition of c-Met by small interfering RNA blocked the acquired anoikis resistance and restored chemosensitivity in three-dimensional cell cultures. In addition, Marchion *et al*. reported that targeted inhibition of c-Met/HGF signaling using a highly specific MET/Ron dual inhibitor, MK8033, worked synergistically with the combination of carboplatin plus paclitaxel to induce EOC cell growth arrest [@B50]. In a phase 2 randomized discontinuation trial of 70 patients with advanced EOC, cabozantinib showed an objective response rate of 21%, with a median progression-free survival of 5.5 months [@B51]. Considering 83% of the patients received at least two prior systemic therapies and 50% of them were either platinum-refractory or resistant, these results show that cabozantinib monotherapy has a significant activity in patients with recurrent EOC. Recurrent or refractory EOC has a poor prognosis with very limited therapeutic options. Therefore, the above data suggest that MET inhibitors deserve serious consideration for clinical development by themselves or in combination with the standard chemotherapy for patients with advanced EOC.

This study has several inherent limitations. First, this meta-analysis included a small number of studies with a limited sample size. Second, all the studies were retrospectively performed. Third, as we mentioned above, the studies used different IHC methods to assess c-Met expression status. Forth, IHC criteria to stratify c-Met status were various among studies. In addition, one study did not describe the IHC criteria for c-Met overexpression. Finally, articles published only in English were included, which might bias the results.

In conclusion, this meta-analysis indicates that c-Met overexpression is an adverse prognostic marker for patients with EOC. Considering correlation between c-Met status and major pathological features failed to reach the statistical significance, however, larger studies using standardized methods and criteria for c-Met status are still needed to verify the clinicopathological impacts of high c-Met expression in EOC.
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###### 

Summary of the seven included studies

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First author (year) \[ref\]   Country   Histology           Methods, antibody,                 No. of patients   Criteria for c-Met overexpression                                                                                                                                                                   High c-Met expression (%)   FIGO stage (III-IV)\     LN metastasis\
                                                                                                                                                                                                                                                                                                                                                   (yes : no)               (yes : no)
  ----------------------------- --------- ------------------- ---------------------------------- ----------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------- ------------------------ ------------------------
  Ayhan\                        Turkey    Serous (24)\        IHC with whole slides,\            41                ≥ 20% of cancer cells                                                                                                                                                                               25 (60.9%)                  NA                       24 (96%): 7 (43.8%)\
  (2005) [@B28]                           Mucinous (7),\      Polyclonal rabbit anti-c-Met Ab                                                                                                                                                                                                                                                                               p = 0.008
                                          Endometroid (6)\                                                                                                                                                                                                                                                                                                                  
                                          Clear cell (1)\                                                                                                                                                                                                                                                                                                                   
                                          UD (3)                                                                                                                                                                                                                                                                                                                            

  Sawada\                       USA       Serous (114)\       IHC with TMA,\                     138               No staining (0), weak (1), moderate (2), and strong (3)\                                                                                                                                            15 (10.9%)                  NA                       NA
  (2007) [@B29]                           Endometroid (11)\   Anti-c-Met (3D4)                                     (c-Met overexpression: strong staining: 3+)                                                                                                                                                                                                              
                                          Clear cell (10),\                                                                                                                                                                                                                                                                                                                 
                                          Mucinous (3)                                                                                                                                                                                                                                                                                                                      

  Yamamoto\                     Japan     Clear cell          IHC with TMA,\                     90                Moderate (2+) or strong (3+) when complete cytoplasmic staining in ≥10% of cancer cells                                                                                                             20 (22.2%)                  10 (50%): 21 (30%)\      2 (20%): 10 (20.8%)\
  (2011) [@B30]                                               CONFIRM anti-Total c-Met (SP44)                                                                                                                                                                                                                                                      p = 0.097                p = 0.953

  Li\                           China     Serous (30)\        IHC with whole slides\             47                Not described                                                                                                                                                                                       36 (76.6%)                  32 (88.9%): 5 (45.5%)\   9 (25%): 9 (81.8%)\
  (2014) [@B31]                           Mucinous (10)\      Primary monoclonal Ab                                                                                                                                                                                                                                                                p = 0.008                p = 0.002
                                          Endometroid (7)                                                                                                                                                                                                                                                                                                                   

  Wang\                         China     Clear cell          IHC with whole slides,\            86                Intensity: no pigmentation (0), light yellow (1), buffy (2), brown (3)\                                                                                                                             60 (69.8%)                  21 (35%): 5 (19.2%)\     51(87.9%): 23 (88.5%)\
  (2015) [@B32]                                               Polyclonal rabbit anti-c-Met Ab,                     Proportion of staining area: \< 5% (0), 5-25% (1), 26-50% (2), 51-75% (3), and ≥75% (4)\                                                                                                                                        p = 0.144                p = 1.000
                                                                                                                   (c-Met overexpression: intensity score x proportion score ≥ 5)                                                                                                                                                                                           

  Battista\                     Germany   Serous (82)\        IHC with whole slides,\            106               No staining (0), definite cytoplasmic and/or equivocal membrane staining (1), unequivocal membrane staining with mild to moderate intensity (2), and strong and complete membranous staining (3)\   22 (20.8%)                  15 (68.2%): 63 (75%)\    NA
  (2016) [@B33]                           Mucinous (14)\      Polyclonal goat anti-c-Met Ab                        (c-Met overexpression: 2+ or 3+)                                                                                                                                                                                                p = 0.344                
                                          Endometroid (5)\                                                                                                                                                                                                                                                                                                                  
                                          Clear cell (2)\                                                                                                                                                                                                                                                                                                                   
                                          Mixed (3)                                                                                                                                                                                                                                                                                                                         

  Puvanenthiran (2018) [@B34]   UK        Serous (51)\        IHC,\                              60                \> 5% of tumor cells                                                                                                                                                                                13 (21.7%)                  NA                       NA
                                          Non-serous (9)      mouse anti-c-Met                                                                                                                                                                                                                                                                                              
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IHC, immunohistochemistry; TMA, tissue microarray; Ab, antibody; FIGO, International Federation of Gynecology and Obstetrics; UD, undifferentiated; NA, not available
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